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CYCLIC POLYOLEFINS. XXXII. CIS- AND TRANS-1,3-DIPHENYLCYCLOOCTANE .

(1) Supported in part by the Office of Naval Research under Contract
N50ri-07622, Project Designation NR-356-096

2
By Arthur C. Cope, Mark R. Kinter and Richard T. Keller

(2) auPont Fellow, 1950-1951.
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Authentic semples of the two gedmetric isonmzrs of 1,3-diphenyl-
cyclooctane have been prepared end proved to be identical with the tus ioomers
previously obtained from carbonyl-bridged intermediates. The synthetic route
involved Friedel-Crafts sddition of bengene to 2-cycloocten-l-ona (111),
followed by reaction of the resulting 3-phenylcyclogctaj.none (IV) with phenyl-
1ithtun, dehydration of the tertiary alcohol, and reduction of the mixturc of
olefins that w;s-fomed.' 2-CyclofBcten-1-cne was prepared by Oppensuer or |
chromic ucid oxid;'stion of 2-cycloocten-l-ol (II), obtained from the acctote (1),
which in turn was prepered from 3-bramocyclooctene and silver acctate or cis-

cyclolctene and mercuric acetate.

Convenient routes for the synthesis of eight-meiborcd ring com-

pounds from carbonyl-bridged intermedistes have been deccribed for the prepara-
' n

-t4on of 2,4-diphenylcycloocta-1 ,i&-diene » 2,4-divhenyleyclooctene end 3,5-
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di.plu:nylcyclo:.;c:'c.e.ne.3 Evidence for the structure of these coupounds was

(3). A. C. Cope, F. 8. Fawcett and G. Munn, This Journal, 72, 3399 (1550).

based on ultraviolet ebsorption spectra, oxidative degradation, anlogy vith

4
& similar synthosis of l-phemrlr:yclogcta-l J-dlens, and reduction to caz or

(4) A. C. Cope and E. €. Hermann, 1bid,, 72, 3405 (1950); D. F.
Rugen, Ph.D. Thesis, Massachusetts Institute of Tachunolosy,
1952,

Doth of two solid.hydrocarbons, believed to be the two geonmetric isciars of
3

1l ,5-dipheny1cyclogctu.ne. The prescnce of an eight-membered ring in the serles

of compounds tras nbt defiﬁitcly proved, 'but'is established by the synthosis

of cis- and trans-l ,B-diphenylcyclogcto.ne reported in this porper.
B-Bromocyclogctcne s Dbreparcd ﬁ‘om gig—cyclo&tcm ond, Ii-

baomosuccinimide ,5 was treated with silver acctate in clocicl ecolic c2id b

(5) A. C. Copz and L. L. Estes, Jr., This Journal, 72, 1120 (1250).

_ room tempereture, and ylelded 797 of 2-cycloocten-l-yl ccetaie (I) ent ki of

1 ,j-cyclogctarliene. The allylic ecetote I also was preporad in 320 yilold froa

6

cyclogctene and mercuric acetate, with 34 rccovery of the olefin,

(6) Preporation of allylic ecectates from cyclic olefins and
ucrcuric acctate is described by W. Treilbs end H. Dast, Ann., 501,
165 (19%9).

sg.poniﬁcation.of the acetate I with potassium hydroxide In acusous cthanol
yielded 2-cycloocten-l-ol (II) (919), which was charscterized as the phenyl-
urcthan end by quantitetive reduction to cyclo'o'c‘canol.

Oxidation of the aleohol II to the pure ¢,p-unscturcicd lotone,

2—cyc103cten-l—onc (ITI) was acccuplished by two oxidations with chrowmic aclc
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in aqueous acetic acid; a third oxidation did not change the intensity of the
ebsorption maximum of IIX at 230 ma. This oxidation proccdure resulted in a
poor yield of the pure ketono III » hovever, and Oppenauer oxidation with p-
bengoquinone and aluminum isopropoxide in dbenzéne was prefera.‘ble. The latter
procedure ylelded 66% of the ketone IIX vhich was 92% pure according to the
extinction coefficient st 250 m_u, and accordingly contained €} of the aleohol

I. The ketone III obtained by this procedure was sufficiently pure for use
in the synthesis deocribed below. .

O O

} X=OCG‘H3
II,_X-CH

Sinco 2-cyclohexen-l-one can ‘be prepa.red dir‘.ctly ‘oy the
7
oxidation of cyclohexene vith chromic acid in acetic acid, an effort was made

(7) F. C. Whitmore and G, W. Pedlow, Jr., This Journal, 63, T58 (1941).

_corditions. The product cbteined from cyclodctene, however, was eis-cyclosctene

to propare the ketone IIT by axidation of cis-cyclodétene under sim’lor

oy |

|
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oxide  (2&7) rothor than the ketons III.

(8) K. Zieslcr.&nd H. w:-lmﬂ’ .mo, 2_61’ B (1930)} A. C. COPQ, S. W
Fenton and C. S. Speucer, This Journal, T4, 5834 (1952).

(9) The oxidation of other (usually hindered) olefins to cpoxides
with chromic acid has been reported. Sce We J. lilckinbotteon
and Ds G. M. Wood, Nature, 168, 33 (1951).

Friedel-Crafts eddition of benzene to the corbon-corbon double
bond of the ketone III in the presence of aluminum chloride yiclded 3-
phewlcyclo'o'ctama (Iv) (51%). The ketone 1V was isolated as & .solid,
m.pe 61-62.5%, and characterized further as the semlcarvozone. The prosence
of en eight-mcubered ring in the ketons wes established by reduction by o
rnndified Wolff-Kishney method 10 to phenylcyclogcta.ne ’ which was idcatificd by

(10) Bucng-Minlon, This Journal, 68, 2487 (1946).

compar;son with an authentic sample. _

The reb.ction of phenyllithium with 5-pheny19yclogcte.none yielded
1,3¢upheny1cyc1o3ctan-1-ol, a viccous, high-boilingz 1iquid thet wus not
teolated, but was dehydrated by heating with iodine in benzens solution, The
product, vhich ué.s isolated in 824 yield, presu:iably was a mixture of 1,5~
and 2,h-diphcwlcyclo'5c§ene; its ultraviolet spec*l;mm ( X mox, 248 mu , log &
b3 m-byglqhexam) wvas very similar to the spectra of E,M-dipheziylcyclogctene 3

(Amax, 248.5 mu , log € 4.00) and l-phenylcyclogctene'u (A mox. 248 mu, log€ k.07).

" (11) A C. Cope and A A. D’Addfeco, bid., T3, 3419 (2951).

—————
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Catalytic hydrogenation of {he mixture of 1,5« aud '2,1&-ai])’1-:11ylc:,-'clo‘3'c'bcncs
with a pallsdium catalyst rosulted in the absorption of 102)) of one molar
cquivalent of hydrogen aud formation of o mixture of the cis anl trons forws
of 1,3-diphenyleyclooctans (V). Fractional crystallization from mrbhonol
yielded the lcss coluble isomer, mep. 83.5-55.8°, waich waas ideaticol (by
mixed melting point .and. comparicon of infrared epectra) with the 1,5-diphonyl-
cyclogctana 1_somer with the scme melting point. previously prepared from a
carvonyl-bridged !.nte:rnzed.i.e:.‘t',e.3 The more soluble isomuer Vs icolabod Lfromn
the methanol mother liquors as a slightly impure solid, m.p. 56-60°, waich
howover did not give a melting point dépression with the purer cenple Lion
the earlier synthesis (m.p. 60.6-61°). The two camples of th2 low-clting

isomer slso had infrared spoctra that were ideanticol within eoparciuncnial crror.

Cel~
0 - el

Cels Cels

IV Va, n.pe $3.5-55.8°

vb‘ m.p. 60.6-6ll0°
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(12)  lelticg points ave corrected and boliing points are uncor
recliod. We are indebted to Dre 8. M. Hasy end his assocliotes
for onalyses,

2-Cyclodcten-leyl Acetate (I)e = A susponsion of 23.2 g. of

ollver acctate ia 50 ml. of glacial acetic ecid was added in purticus with

stirring end cooling to a solution of 26,7 g. of 3-brouocyclosctona 2 4n

50 ml. of glacinl acctic ecid, The nixture was allowed to stand overnisht end
then was filtercd to separate the silver bromide, which was washed with‘ ™ ml,.
of acetic actd, Tho comﬁinscl filtrates wera concentrated by distillation
through & 20 x 1.5~cm, column packed vith gloss helices to remove acetic
acid. The distillate contained 1 ,3-cyclogctodiene , Walch wves 1solated by
diseolving it in ether, vashing with water and then with 59 ecqueous sodtum
corbonste to remove acetic acid, drying over mogmesium sulfate, ond dlstilling
through a scninicro colwsa. The yield was 0,62 g. (45), bep. Th-T75°

(85 rm, )., n? after passing throug}x a suall column of ailica ga_l to rencve

traces of ether 1,4901, X pax, 203-230 max (€ 5740 in cyclchenanz) (ccmpore

properties 1n rof. 5). The residue remaining after dictillation of the ccetic

8cid was Piltered to yemove @ small emount of solid and distilled throuch a
semimicro column, The yleld of 2-cycloGeten-L-yl acetate vas 18,7 «. (157),
beDs 55-39° (1 m2.), nf—)’f) 14672, A rcdistil}.ed ana.lytica.l sample hed the
following phycical p:'c;perties: ‘b.ﬁ. 57° (1 mn.), ngs 1.%630, dﬁa 0.9‘39’3..
Anal. Caléd. for CyoHlye02: C, TL.395 Hy 9459,
Féumi: C, 7T1.11; B, 9.k9,
2~Cyclogcten-l-y1 acetate also was preporedl by hecting o nix-

turs of 10.0 g. o2 c:,-'clégcten-a, £9.0 go Of rayvcuric asotat2 arl 10 vd. of
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glacial acctic acid under reflux in an oil bath at 140° for 3 hours. The

mixture was cooled, distilled ropidly ot 1 mm., and the distillate was froctionated,

yielding 4.83 g. (32%) of e-cyclogcten-l-yl acetate, b.p. 116-118° (30 m.),
n§5 1.4680. By the proceduro described mbove for isolation of 1,5-cyclo-

octadiene, 3.4 g. (34%) of the cyclogetena was recovered from tha acctic acid
fraction. |

2-019103cten-1-01 (1x). ~ B-Qrelogcten-loyl ecatate (TeT g.)
was added to a solution of 5.2 g. of potassium hydroxide in 7 ml. of water
and 15 ml, of ethanol, and the solution was allowed to stund for 4 hours

with occasional shaking., The solution was diluted with 25 ml. of water and
extracted with 50 and 25 ml. portions of ether. The extracts wora wached with
vater, dried over magnesium sulfate, concoxtrated, and the residuo was

_distilled through a semimicro colum, The yleld of 2-cyclooctensl-ol was

5.28 g. (91%), bepe TH* (2 mn.), nﬁs 1.4959, dﬁs 0.9756.

Anal, Caled, for CgHy40: C, T6.14; H, 11.18,

FPound: C, 76.33; H, 11.18,

‘a-cmo‘c'xcten_-l-ol also m prepared by treating S-bmmocyclo&tene
vith silver acetate in acetic acid and adung the solution of tha crude acetate
to an w;:eu_. of aleohol:lo_potaa,,aiﬁ hydroxide. The yield of the a.lcohél vy
this mced.ura vas T3%.

2-CycloSctens1-yl Fhenylurethan ves prepared by worning 0,28 g
of '.2+cyc108cgén~1-oi with 0.27 g. q:" pheny). 1socyanate briefly and allowing

the mixture to stand overnight in.a stoppered tube. The solid product was

extracted with hot ligroin and crystallized on cooling as colorless nzedles

(039 8¢y T23), meps 92.5-93°. Recrystallization did not change the melting
point,
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Anal. Caled. for CyglyeNOe: €, T3.43; E, 7.815 N, 5.7L.

Founl: C, T3.505 H, T.9%; N, 5.70. .

Hydrogenation of a solution of 0.415 g. of 2-cyclogcten-1-ol
in b ml, of acetic acid in the presence of 0.4 g. of prereduced platinmum axide
was complete in 2 hours and 104% of one molar equivalent of hydrogen was
absorbed,. cyclo&ta.nol vas isolated as the reduction product in a yield of
0.32 g (76%) and identified as the phenylurethan by m.p. ani mixed m.p.

. 2-Cyclodcten-l-one (IIT). (a). - A solution of k.2 g. of
chromiun trioxide in 2 ml. of water and 9 ml. of acetic acid was added drop-

wise in a period of 50 mimutes with rapid stirring and cooling in an ice

bath to & solution of 5.7 g. of 2-cyclodcten-l-ol in 10 ml. of glaciel acetic
acid, The mixture vas stirred at room temperature for 2 hours, pertially
neutralized by eddition of & solution of 10.1 g. of potassium hydroxide in’

50 ml, of vater with éoouné, and extracted continuously with ether for 12
houre, .The extract was neutralized to phenolphthalein by addition of aquecus
potassiun hydroxide, and the equecus layer vas extracted with three portious of
sther, The cambined. ethereal solutions were .dried over magnesium sulfate, -
concentrated by distillation through e helix-packed colum, and the residus vas
fractiomted through a sem:lmicrp colum, yielding 3.87 g. (697) of a

mixture of Q-cycloorten-l-one and 2-cycloocten-1-0l, b.p. S4-97* (1% mm.),

n§5 1.455%0, A redistilled sample vas found to conmtain 58% of the ketons by
i:onma.risbn of ite utmvidet absorption spectrum wi?;h the spectrum of pure
a-cyélo'_'ocﬁen-l-one. " A secod .ondda.tion-of' the mixture by a similar procedure’
gave the pure ketone, with physie;a.‘l. constants that wers not changed by a

—— . —
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third oxidatioa., Tha 2-cyc103ctcn-l-one 1solated aftsr the third odddation
hod bup. 89° (14 mm)y By LG5, N g, 20 (€ TI00), A 310 ma
(€ 80) (4n 95% ethanol),

Anal, Caled, for CgHya0: €, T7.38; H, 9.74. Found:

¢, 77.38; H, 10,09, |

(b)s = 2-Cycloocten-l-ons containing & cmall emount of 2-
cycloSeten-1-0l s an impurity was obtained comveniently by Qppénauer oxida-
tion of the alcohol. A mixture of 10.1 g. of 2-cyclodcten-l-ol, 43.2 g. of

pare, dry pe-benzoquinong, 16.3 g. of aluminum isopropoxide end 600 ml. of dry

‘benzena wvas heated under reflux protected from atomspharic moisture for 30

minutess The mixture was allowed to cool to room temperature, and stand

for 25 hours, at‘ter which 4t was again hegated under reflux for 1 hour,

Affﬁér' cooling the mixture with ice, 1 1. of 5’;‘ hydrocﬁloric~ acid was edded
with ehaking, and the benzene layer was combined with an ether extract of

the aqueous layer, Tne solution was washed with thrce 700-ml. portions

of 5% sodium hydroxide, then with water, ani dried over magnesium sulfate.
:Diat'illa'.ﬁion through a semimicro ‘colum after removal of the solvent thi‘oueh' '
& helix-packed colmnn yielded 6.!+8 g. (66%) of 2-cycloocten-l-ona, beps

.88-90' (12 m.), nD 1.k961, that was 92% pure according to the intensity of .

the principa). a’aaorption maximum at 230 nu ( £ 7050 in 95% ethanol, caompored

to T700 for tha pure ketone).

Oxidation of cElooctene with Chromic Acid, - A solution
of 15.% g. o2 chrcmium triaxide in 9 nl. of water and 35 nl,:of acetic acid
was added dropwise with stirring over a period of several hour; to a solution
of 11,2 g. of cis-cyclodctens in 22 ml, of glacial ecetic acid with cooling in

- 3¢e., The mLcture was allowed to stend at roonm terperature for 2 doys s ofter

~-a—y P —n -




-10-

vhich 57 g. of potassium hydroxide in 209 ml. of woter was odded ond the mix-
" ture wos steanm distilled. Ether extroction of the dictillate followed by
concentration and froctionation ceparated 0.9 g. of recovered cyclogctcne oand
3.56 g. (284) of cyclogcteng oxide, vhich after treatzent with Girard’s
reagent to remove a very small amount of & ketonie impurity had m.p. and mized
m.p. With an euthentic sample 8 of 57-59°,

B-Rmnylcyclogctanom (Iv). - ° B-Cyclo'éci:.en-l-one (6.2 g,

fréxn' procedure b ebove) was added in one portion to a stirred mixture of 33.3
g. of powdered anhydrous aluminum chloride and 500 ml. of dry benzene,

The mixture was stirred and heated under reflux for 3.5 hours, after which 1t
was cooled in ice and shoken with a mixture of 500 ml. of ice water snd 100
ml. of concentrated hydrochloric acid. The organic loyer was separated,
coubined with a 250-mi. ether extract of the aqueous layer, washed three tinos
with water, end dried aover magnesium sulfate. After remnovel of the solvent,
distillation yielded 7;7 g. of crude 3-phenylcyclo'c'>ctanone, b.De T5-134° "

(0.3 mn.).. A mixture of the crude product and T.63 g. of Girord’s reagent

®r" 4n 10 ml. of glaclal acetic acid end 100 ml. of obsolute ethanol was |
‘heateé under reflux for 1 hour., The sélxitio;x wos cooled, pourcd into 40O ml.
of ice water containing .'8 g. of sodium carbonate, and non-ketonle materlal tros
ramoved by extraction with tiwo 200-ml. portions of ether. Concentrated
nydrochloric- acid (25 ml.) was odded to the aqueous solution, and aftor L
}.xour the product was extracted with two 200-ml. portions of ether. The
exbracté- were waéhed with water, dried over nmagnesiun sulfate, and concone-
trated. Distillstion through & semimicro colurm yiclded 5.1) g. (517) of

3.phenylcyclooctanone, b.p. 118-121° (0.5 m1.). The ketone solidifiel
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rapidly, ead vas rocryslollicad 49 o coniont welsing polnt of 61-07,5° froa
5:1 motlhanol~ialor,
Arzls  Coleds £02r Cipflzad: €y 354123 I, 8,97, Founds
- .Q.,'.ngl?-l’ X, O¢Ohs

1) - .
S=omaylerelovctonone Somlenrbowsny was propaved by beating

50 mge of the katong, 31 ng. of saaienrbaziln hydrachloride anl 23 ng. of
sodium ncetate in 2 mle of 50% cthanols The somlcarhazon? (52 e, Mepe
170-1T1°) wra recryatalidsed froa 2:1 ethanol<mtor as watte leaflobs, M.
173170

amale Caleds for Cynlimlia0: C, 69,455 X, 8416, Founds

€, 69.67) 1, 8,29,

3-phenyleyelodctanona (0,15 £e) wan reduced +6 phenyleyeloe
octane by heating with 0.5 ge of potaasiz&a hydroxide ooad 1.0 ml. of 350
hydrasine hydrate in 10 ml., of diethylene glycol in & bath at 180° for 1.5
hours, and thon at 210° for 3 hours vhile chout 2 ml, of liquid distilled,
The solution was cooled, coubined with the distiliz'ho, exd poured into 50 ml.
of vater, wvhich vas extracted vith tuo 25-ml, portions of ethers The
extrocts were wvashed with smter, dried over mecacsivm sulfate and concene
tratad. The residue vas distilled tﬁrau& o codnters colarm, yielding
90 mg. (643) of phenylcyclooctane, bep. epproxtmtely 95° (0.3 m,),
n:’ 1..530!31.; fePe $68-Te5° and mived m.pe with an authentic sample 1 G.2-8,0%

1,3- and 2,i-Dighenyleyclooctenss, - A solution of 2402 g,
of 3-phenyleyelolictenone in 20 ml. of dry ether wes eddod with ctirring during

8 pe!iéﬂ.. of & minmutes in a nitrogen o.‘cm.osélmre to the rhenyllithiwa orepared frvn
L,T2 g« Of brcuchanzene end 0.46 g, of litalum in 40 ml, of cther, The

N SRS .
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nixture was heated vnder reilwz for 0.5 hour, adicr vhich 0 ml. of waior o8
clded writh cooling ond stizrins, The ebher loyse woo coubhlngd srith an eihicvenl
extroet of the aqueous layer, washed . Lth vt tor, c.nl dricd ovor vooagsiug
sulfate, One-fifth of the solutlon was rescived for (umsuccenciul) ebbcmis
to purify the tertlary alcohol, and the romaining four-fifths tas coucone
trated. A colutlion of the residus in 50 ml. of 'banzcriu tas heoted unler

reflux with 50 ng. of iodine for 6 hours, with scparation o:ﬁ’ tha

amount c;f water formed in o Doon and Stark separztore Ghe solution tvios

cooled, washed with sodium thiosulfote solutlon end water, cul concnniirascd.
The residue was heated in e chort-path still for 2.5 hours et 150° cnd 0.9

rm. to remove biphenyl, end then was distillcd with o hooting blesl time
poratura of 200-250° (0.5 ma.)e A colution of the distillate in 50 wl. of
ronhan2 was agaln washed with codlua thilosulfate solution, water, ool coie
conbratal. Slov dictillation of the rosidue in a shortepoth ctill ot

0.5 ma. with e heating block temperature of 170° yielded 1.7L go (82)3) of o

b}
. a7
nizture of 1,3« and 2,h-diplxenylcyclogc'tenes\as a viccous liquid, ng)

145954,
Amale Calede for Coolon: C, 914553 H, 8.45. Founil:
C, 91.23} H, 8.51-

. lQB-Dinhcnylcyclogctane (V). - A solution in 10 ml... of

acatic celd of 0.466 ge.of the mixture of 1,3- end 2,2&-:11;_ﬁ_1en:-,'lcyclogc-beuas
dazeribeld cbove v_ras' hydrogena.téd ot room temparature and stuospherle pressuvrs

in the proscuce of 0.45 . of 10% palledium o Nowxdt, Reduction was corplebe

e e el g B

i

P
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in 45 minutes end resulted in chsorptlon of 1025 of onz moler cquivolent of
hydrogen. The catolyst was separated, washed with ecetic ccid and poniens,
and the filtrates were wa.shcé. with wvater ond codlum corbonate solution Lo
reaove ocetic ccid. Concentration of the pentone solution yilelded 0.456 ¢.
of g mixturc of cis- onl trons-1,3-diphenyleyclodctencs oo au oil wiich
polidificd; m.p. 54-66°, The mixture vas fractionslly crystallinsd froa
mothansl, end after nine crystollizations the least soluble ipomzy hod

m.pe 83.5-85.8° end nized m.p. vith a sample propered by hydwesensblon of -

2,4-diphenyleyclooctae-l,b-dlene 3 (wepe 85.6-85,1°) of 85.2-C5.8°.

Reerystellization of the wore soluble isotsr obtalned frem the mabher licuor

yiclded o elichtly impurc canple, m.p. 56-060° ond mined m.p. with o soople
obtained by hydrosenation of 2,k-diphenyleyclosetens ? (fape 62.6-61.0°)
of 56.5-060°,

Carlridge, Mossochusetts
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